creasing the tensile strength and fracture toughness of the paste. However, the hydrophobic- containing UV-irradiated polypropylene may be an asset when crack resistance is key, such as in 15 nuclear waste storage and oil/gas well cementing. 
effects that could stem from the geometry of the fibres. Literature results from atomic force 48 microscopy on PP irradiated with UV light in an ozone-rich atmosphere, have shown a significant 49 increase of adhesion forces [17] . Recent work on cement-rubber composites has shown that the 50 ozone atmosphere can be avoided if UV-C radiation is used, which is sufficiently energetic to 51 create ozone directly through air irradiation [11] . The first contribution of our work is to test 52 the UV-C treatment for cement-PP composites. The second contribution is to explore the 53 effect of plastic addition to a blend of portland cement and metakaolin. The rationale is that 
Methodology

Materials and UV treatment
60
A CEM I 52.5N portland cement by LaFarge-Holcim was used [18] ; its composition is shown in 61   Table 1 . For the plastic, the micro-sized Icorene Polypropylene 1404-01 sourced by the A. Schul- The samples were then allowed to cool down at room temperature for 10 minutes. The degree 76 of surface modification induced by the UV treatment was measured in terms of hydrophilicity,
77
quantified by water retention tests [11] . There are other possible ways to quantify hydrophilicity, 78 e.g. the PP-water contact angle [15] , but water retention provides a balance between accuracy 79 and simplicity that is satisfactory for the purpose of this work. In a typical water retention test, 80 a 10 g sample of PP was mixed with a volume V 1 = 50 ml of tap water and stirred continuously 81 for 10 minutes. The suspension was then poured into a funnel, lined with filter paper over a 82 measuring cylinder, and allowed to drain out for 10 more minutes. The volume of water in the 83 cylinder V 2 was recorded as a function of time and the difference V 1 − V 2 is the measure of water 84 retention. The temporal evolution of water retention is shown in Fig. 3 .a. It clearly emerges that 85 a longer exposure to UV-C leads to a larger degree of surface modification, reflected by increased 86 water retention, as also illustrated in Fig. 3 .b. Irradiation times longer than 72 hours were 87 tested but these resulted in visible degradation of the plastic samples, which were discarded.
88
Analogous results, including a 72-hours optimum irradiation time, were obtained in previous 89 work on cement-rubber composites, where the increased water retention was explained in terms 90 of surface polarity [11] . After 28 days of curing, the water-saturated cylindrical samples were removed from the 123 hydration bath, their circular bases were immediately sawed and ground to obtain parallel end 124 surfaces and prevent eccentric loads during the subsequent compressive tests (see Section 2.4).
125
The resulting cylinders were weighed and their volume was calculated via multiple measures 
Compressive strength tests
129
The tests were conducted on the cylindrical samples using an Instron Universal Testing Sys- the upper platen, the load was applied at a rate of 1 mm/min (see Fig. 1.d) . The compressive strength was obtained from the maximum load experienced by the sample until failure. 
142
The maximum compressive load before failure, P f , was used to compute the indirect split tensile
Eq. 1 assumes linear elastic behaviour until failure. Indeed, all samples displayed a linear load-145 displacement response before reaching P f in the split tests, hence Eq. 1 is quantitatively reliable. calculate the flexural tensile strength σ f,t,f lex :
b and h are the cross sectional depth and height, both averaged over three measurements near V-slot, which was sawed at mid-span under the point load ( Fig. 1.g) Fig. 4 .a shows that the pure porland cement paste (PC) has the highest density at 28 days.
177
Its average value of 2.08 g cm −3 is consistent with the composition in Table 2 and with the fact 178 that additional water is probably absorbed during underwater curing, to support hydration.
179
Adding untreated PP to the pure PC paste significantly decreases the density, to an average Indeed, the density of the PC-MK-PP UV composite is ca. 10% lower than that of the original PC 214 paste (1.88 g cm −3 vs. 2.08 g cm −3 ) whereas its average compressive strength is ca. 20% higher
215
(67 MPa vs. 55 MPa). 
230
The increase in tensile strength is rather due to the composite behaviour with the ductile PP 231 contributing with its superior mechanical performance in tension compared to the brittle cement hydrates. This is one of the desired results that motivated the addition of PP in the first place.
233
Adding UV-treated plastic further increases the tensile strength: this is particularly visible from 
Fracture energy
243
The strength results in Fig. 4 address the behaviour of the pastes until the onset of macro-244 scopic damage at peak load. Part of the rationale for adding PP, however, is to counteract the 245 brittleness of cement hydrates and improve the large-deformation, post-peak behaviour, limit-
246
ing damage propagation and increasing the energy required for the material to completely fail.
247
In order to quantify this, Fig. 5 shows force-displacement curves from flexural tests on notched 248 small-beam samples, which characterize the entire mechanical response of our pastes, both before 249 and after the peak load.
250
Qualitatively, the curves in Fig. 5 show a similar trend as the tensile strength results in 
303
These results indicate that adding UV-treated PP plastic to a cement paste may be a relatively 
